Sorption equilibria provide fundamental physicochemical data for evaluating the applicability of sorption processes as a unit operation. Sorption equilibrium is usually described by an isotherm equation whose parameters express the surface properties and affinity of the sorbent, at a fixed temperature and pH. Thus an accurate mathematical description of the equilibrium isotherm, preferably based on a correct sorption mechanism, is essential to the effective design of sorption systems (Ho et al., 2002) . In this study, four two-parameter equations -the Freundlich, Langmuir, Temkin and Dubinin-Radushkevich isotherms -and a multilayer physisorption isotherm -BrunauerEmett-Teller (BET) were examined for their ability to model the equilibrium sorption data.
Freundlich isotherm is the earliest known relationship describing the non-ideal and reversible adsorption, not restricted to the formation of monolayer. This empirical model can be applied to multilayer adsorption, with non-uniform distribution of adsorption heat and affinities over the heterogeneous surface (Foo and Hameed, 2010) . The linear form of the Freundlich isotherm is expressed by the following equation: log qe = log K F + 1/n log C e
Where qe is the amount of adsorbate in the adsorbent at equilibrium (mg/g), K F is the Freundlich isotherm constant (mg/g) (dm3/g) n related to adsorption capacity, n adsorption intensity and C e equilibrium concentration (mg/L).
In 1916 Langmuir developed a theoretical equilibrium isotherm relating the amount of gas sorbed on a surface to the pressure of the gas (Langmuir, 1916) . The Langmuir model is probably the best known and most widely applied sorption isotherm. It has produced good agreement with a wide variety of experimental data and may be represented as follows:
Where q max is the maximum sorption uptake and b the, Langmuir constant, which establishes the relationship between sorption and desorption rate. According to the Langmuir equation; A plot of 1/q e against 1/C e gave the slope, 1/K a q m and intercept, 1/q m . The model assumes monolayer adsorption onto a surface containing a finite number of adsorption sites of uniform strategies with no transmigration of adsorbate in the plane surface (Hameed et al., 2006) .
Temkin isotherm is the early model describing the adsorption of hydrogen onto platinum electrodes within the acidic solutions. The derivation of the isotherm assumes that the fall in the heat of sorption is linear rather than logarithmic, as implied in the Freundlich equation (Gunay et al., 2007) . The linear form of the Temkin isotherm is represented as shown in equation 4
Where qe is the amount of adsorbate in the adsorbent at equilibrium (mg/g), R is the universal gas constant (8.314 J/mol K), b T is the Temkin isotherm constant, A T is the Temkin isotherm equilibrium binding constant (L/g) and C e is the equilibrium concentration (mg/L).
Dubinin-Radushkevich isotherm is an empirical model initially conceived for the sorption of subcritical vapors onto micropore solids following a pore filling mechanism. It is generally applied to express the adsorption mechanism (Foo and Hameed, 2010) with a Gaussian energy distribution onto a heterogeneous surface. The model has often successfully fitted high solute activities and the intermediate range of concentrations data well, but has unsatisfactory asymptotic properties and does not predict the Henry"s law at low pressure. The linear form of the isotherm is represented in equation 5.
Where Kad is the Dubinin-Radushkevich isotherm constant (mol2/kJ2), is the DubininRadushkevich isotherm constant and qs is the theoretical isotherm saturation capacity (mg/g).
The best-known approaches to describe the thickness of physically adsorbed films on flat substrates are the Brunauer-Emmett-Teller-BET theory for low coverages and the Frenkel-Halsey-Hill theory for the asymptotic behaviour of thick films (Mecke and Krim, 1996) . Brunauer-Emmett-Teller (BET) isotherm is a theoretical equation, most widely applied in the gas-solid equilibrium systems. It was developed to derive multilayer adsorption systems with relative pressure ranges from 0.05 to 0.30 corresponding to a monolayer coverage lying between 0.50 and 1.50 (Foo and Hameed, 2010 Where CBET= BET adsorption isotherm relating to the energy of the surface interaction. Hematite has been widely used as an adsorbent to remove heavy metal ions from water because of it availability in large quantity and relatively low cost (Zeng et al., 2007 , Jeon et al., 2004 , Mamindy-Pajany et al., 2009 , Mohapatra et al., 2009 , Choi et al., 2010 , Chen and Li, 2010 . But there is little or dearth of information on the adsorption of metallic soaps prepared from locally available oils onto hematite in aqueous media. The present study is focused at studying the adsorption phenomenon (capacity, intensity and energy parameters) of metallic soaps prepared from locally available oils onto hematite in aqueous medium. The research further investigates the applicability of five different isotherm models in interpreting the adsorption process and the role played by both nature ature of soaps and ionic charges.
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MATERIALS AND METHODS

Sampling
The adsorbent, metallic ores (hematite; α-Fe 2 O 3 ) procured from Itakpe, Kogi state, Nigeria (76.9%) were crushed in laboratory using jaw and roll crushers. Gravimetric method jigging and tabling was employed in removing silineous materials, while magnetic separation method was used in separating magnetic materials from the ore samples. Sieve analyses were performed using British standard sieve plates to obtain sample of hematite 70 micron. Mineralogical analysis of the ore sample was performed with volumetric and spectrophotometric (Buck scientific atomic absorption spectrophotometer model 205A) methods of analysis. Solutions of reagents were prepared with distilled water.-Sodium hydroxide and hydrochloric acid solutions were used for pH adjustments. BDH chemical reagents analar grade (of not less than 98% purity) were used in this study. Determination of specific area (SSA) was done by the ethylene − glycol − monoethyl − ether (EGME) method (Cerato and Luteneger, 2002) .
Soap Preparation
Derived adsorbates viz; AI 3+ , Ca 2+ and K + − soaps of butryspermum parkii were prepared by carefully following the method described elsewhere (Tooley, 1976) with slight modification. In this method, 50 g of shear butter oil was added to each 50ml of 30% potassium hydroxide, calcium hydroxide and aluminium hydroxide. 30 ml of ethanol was added into each of the 60ml beakers, heated at 90 hour in a water bath with vigorous stirring until creamy pasty soaps are formed. 50 ml hot saturated sodium chloride solution was then added to each of the pasty soaps with vigorous stirring for 15 minutes and allowed to cool overnight. The soap cakes formed on the surface of the lye were removed, dried and stored in plastic containers.
Batch Adsorption Test
In the reactor tank, the adsorbate/adsorbent interactions were labelled as AI 3+ soap/hematite, Ca 2+ soap/hematite and K + soap/hematite. These formulations were obtained from a collecting 0.2g of hematite into a reactor tank (100cm 3 Erlenmeyer flask). 25 cm 3 of each aqueous soap solutions was added. The reaction was enhanced using a mechanical shaker at 120 oscillations per minute followed by centrifuge at 150 rpm. Upon filtration of the decanted samples, the filtrate was measured for equilibrium phase concentration (Ce) using the pre designed calibration curve.
The amount of adsorbates adsorbed onto a unit mass of the adsorbent qe in mg/g is computed as (Itodo et al., 2012) q e = (C O -C e ) V/W
Where Co and Ce are the aqueous phase and equilibrium phase dye concentration in mg/L respectively. V is the volume of soap solution (dm 3 ) while W is the adsorbent (Hematite) mass.
The equilibrium data generated were modelled with five different isotherm equations earlier described above. In Figure 4 , the applicability of Freundlich isotherm is based on charge. K + -soap (0,796) Ca 2+ -soap (0.890)  Al 3+ -soap (0.933). This implied that the trivalent soap is heterogeniusly attracted to hematite surfacethan the divalent and monovalent soaps. Findings in this research revealed that for the soaps of shea butter oil, the Langmuir equation is best in modelling its adsorption process, having R 2 of 0.808 to 0.994. Figures 5 and 6 describe the Temkin isotherm model for both shea butter oil and rubber seed oil soaps respectively. This model fits so well for K+ -soap (R2=0.933) and Al3+ -soap (0.914). It is generally believed that heat of adsorption in the uptake of molecules of these soaps onto hematite layer would decrease linearly rather than logarithmic with coverage (Foo and Hameed, 2010) . Figure 6 further supports that heat of adsorption during uptake of K + -soap of rubber seed oil (R 2 = 0.908) linearly falls rather than being logarithmic as implied in the Freundlich equation (Ho et al., 2002) . Figure 7 compares the extent at which Bet model can be applicable in explaining adsorption of ionic soaps onto hematite. The same R 2 values ().854) were reported for both K + and Ca 2+ soaps of shea butter oil. This isotherm shows that the multilayer adsorption prediction for adhering shea butter oil soaps onto hematite is not charge dependent. Figure 8 in contrast to figure 7 is an indication that rubber seed oil soaps adsorption onto hematite is charge dependent with a non-linear trend. Figures 9 and 10 represent the modeling of adsorption experiment using Dubinin Radushkevich isotherm for both rubber seed and shea butter oils soaps. High correlation coefficients or coefficients of applicability were reported in both cases. Adsorption in both case are charge dependent without linearity in trends. It is however established in this research that certain energy parameters can be computed for the adsorption of these metallic soaps using the Dubinin Radushkevich isotherm.
RESULTS AND DISCUSSION
A typical adsorption phenomenon is explained using constants deduced from the isotherm plots explained and displayed above. Of more importance are adsorption capacity, intensity, energy values and mode of transport or mechanism. Tables 1 and 2 (Table 3 ) whose heterogeneity is faulted since n>.1 A considerably high value was reported for Ca 2+ constant representing extent of heterogeneity (n) was investigated. Except for Al 3+ shea butter soap (n>1), the other tends to heterogeneity , n<1 and 1/n>1 being an indication of cooperative adsorption. Hence, the adsorption of hematite is onto a surface of non-uniform energy sites.
Tables 5 and 6 represent constant derived from Tempkin equation. The constants A and b are the Temkin isotherm equilibrium bonding (L/mmol) while b is the Temkin isotherm constant always greater than unity as obtained in this research. Here, the adsorbent-adsorbate interaction is described by these constants, assessing that the heat of adsorption of all the metallic soap molecule decrease linearly rather than logarithmic as implied in the Freundlich equation.
Tables 7 and 8 relate constants that explain multilayer adsorption. C BET , being a constant relating energy of surface interaction (L/mmol) decreases linearly in the ionic charge for shea butter oil soaps C BET for Al 3+ shea butter soap (1.00) C BET Ca-soap of shea butter oil (1.071)C BET K seed oil soaps. For the rubber seed oil soaps, the qm values which measures saturation capacity of rubber increases with increase in ionic charge. Tables 9 and 10 gave constants for Dubinin Radushkevich isotherm which are basically a measure of adsorption energy (B D ) and mean free energy (E). since the mean free energy is obtained from the B D , it follows the the energy E for removing a molecule from its location in the sorption space to infinity are considerably low (between 1.414 X 10 -4 to 3.78X 10 -4 KJ/mmol).
CONCLUSION
Metallic ore (hematite) adsorbent was selected for adsorption of two metallic soaps of shea butter and rubber seed oils. From a generally stand point, adsorption depends on the nature of metallic soaps, ionic charge as well as ionic concentration. This was made evidence by different sorption capacity (qe) values across the different cationic metallic soaps. Results indicate that the adsorbent surface ion is important but in no way a factor for determining the most applicable isotherm. This research unveiled the fact that hematite as adsorbent is as important as others cutting across activated carbon, silica gel, biomasses etc in both application on appropriate adsorbates and in utilizing similar isotherm models for their performance assessment.
